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ABSTRACT: Amphibians respond to microbial infection through cellular and humoral defense mechanisms
such as antimicrobial protein secretion. Most humoral defense proteins are synthetized in the skin. In this
study we isolated two (-galactoside-binding lectins with molecular weights of 50 and 56 KDa from the skin
of Bufo arenarum. These lectins have significant hemagglutination activity against trypsinized rabbit eryth-
rocytes, which was inhibited by galactose-containing saccharides. They are water-soluble and independent of
the presence of calcium. The antimicrobial analysis for each lectin was performed. At pmolar concentration
lectins show strong bacteriostatic activity against Gram negative bacteria (Escherichia coli K12 4100 and
wild strains of Escherichia coli and Proteus morganii) and Gram positive bacteria (Enterococcus faecalis).
The antibacterial activity of these lectins may provide an effective defense against invading microbes in the

amphibian Bufo arenarum.

Introduction

Organisms ward of microbial infection through well
described cellular and humoral mechanisms. A little
studied branch of the host defense system involves the
production of antimicrobial substances. In animals, an-
timicrobial molecules are produced in the skin, in simple
epithelial tissues and in acute inflammatory cells, where
they act as a first-line defense against invasion, thus
supplementing the host humoral and cellular immune
system.

In amphibians, skin secretions contain many bio-
logically active compounds, such as biogenic amines
(Erspamer, 1971), complex alkaloids (Erspamer, 1993),
hormones noxious to predators (Kuchler et al., 1990),
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antibiotic peptides (Clarck et al., 1994) and lectins
(Marschal et al., 1992).

The latter are a group of various proteins charac-
terized by their ability to bind carbohydrates with con-
siderable specifity. They are found in organisms rang-
ing from viruses to plants and animals.

Over 60% of the lectins reported so far are galac-
tose-specific, probably because galactose is an impor-
tant recognition saccharide, especially in higher organ-
isms. In terms of apparent molecular mass, there are
two types of galactose-binding lectins: a small one (ap-
proximately 14 kDa) and a large one (approximately 30
kDa). Partial and complete primary structures of the
small type metal independent lectins have been reported
for mouse (Joubert et al., 1988; Wells and Mallucci,
1991), chicken (Sakakura et al., 1990; Akimoto et al.,
1995), hamster (Foddy et al., 1990) and frog (Ozeki et
al., 1991). More recently, large type lectins have been
also isolated from a few mammals (Oda et al., 1993;
Wada and Kanwar, 1997) and invertebrate (Kopacék et
al., 1993). Among the few amphibian species examined
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such as Rana pipiens (Roberson and Armstrong, 1980),
Rana catesbiana (Ozeki et al., 1991; Uchiyama et al.,
1997), Xenopus laevis (Marschal et al., 1992) and Bufo
arenarum (Fink et al., 1987; Ahmed et al., 1996), a
number of different lectin activities have been identi-
fied in various adult tissues, including skin, muscle and
gonad. In the skin of Xenopus laevis, Marschal et al.
(1992) demonstrated the presence of a (-galactoside-
binding lectin in the granular glands around keratinocytes
and proposed that skin lectins might mediate mechanisms
associated with host defense.

In the toad Bufo arenarum Elola et al. (1998) de-
termined the presence of a B-galactoside-binding lectin
of 14.5 kDa in the ovary, oocytes and embryos, and sug-
gested that it might play a role in embryo development.

The aim of this paper is the determination and char-
acterization of 3-galactoside-binding lectins in the skin
of adult Bufo arenarum toads, with special emphasis on
its possible antimicrobial activity.

Materials and Methods
Lectin purification

Sexually mature male Bufo arenarum specimens
were collected during the breeding season (spring-sum-
mer) in the neighborhood of Sali river,Tucuman (Ar-
gentina). They were used immediately for experiments.

Bufo arenarum skin was dissected from ten adult
males treated with 3% sodium pentobarbital and pooled.
Then, 25 g of the tissue was homogeneized in a mortar
for 30 min on ice with 50 ml of cold METBS buffer (50
mM Tris-HCI, pH=7.2; 150 mM NaCl; 10 mM EDTA
and 4 mM mercaptoethanol) plus 150 mM lactose or
150 mM galactose Homogenates were centrifuged at
3,000 x g for 30 min. Supernatants were collected and
centrifuged again at 100,000 x g for 1 h. These super-
natants were extensively dialyzed against METBS to
remove lactose and then lyophilized to produce a crude
extract. All procedures were carried out at 4°C.

A lactose binding lectin was purified from the crude
extract, using a Sephadex G-100 gel filtration column
(1.5 x 25.0 cm), equilibrated with METBS buffer, at
4°C. The 13" to the 24" fractions (1.5 ml each) showed
hemagglutination activity. These fractions were pooled
and applied again to the same column. The resulting
eluate fractions which showed hemagglutination activ-
ity were lyophilized and applied to an Agarose-lactose
column (1 ml), equilibrated with METBS buffer, at 4°C.
The column was washed with the same buffer until the
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absorbance at 280 nm reached base line. The eluate
obtained with METBS containing 0.3 M lactose was
pooled, exhaustively dialyzed against METBS and lyo-
philized.

Determination of protein concentrations were car-
ried out according to Lowry et al. (1951), with BSA as
a protein standard.

Hemagglutination assays

Rabbit red blood cells were obtained by marginal
vein puncture and various kinds of human red blood
cells (types A, B and O) obtained from healthy volun-
teers were used. Rabbit erythrocytes were trypsin-treated
and glutaraldehyde-fixed according to Roberson and
Barondes (1982). Assays were performed using serial
dilutions of the crude extract or with purified lectin in
microtiter U-plates. Each well contained 25 pl of the
lectin, 25 pl of TS (10 mM Tris-HCI, pH:7.6, plus 150
mM NacCl) with 1% bovine serum albumin (BSA) and
25 ul of 3% trypsin-treated glutaraldehyde-fixed rabbit
erythrocytes. The mixtures were shaken and then he-
magglutination activity was determined after 60 min at
room temperature and scored from 0 (negative) to 4.
Titer was defined as the reciprocal of the highest dilu-
tion giving a visible agglutination (Score of 1). Spe-
cific activity was defined as the ratio of titer to protein
concentration (titer x mg/mi™).

Hemagglutination inhibition assays were performed
with different saccharides: D (+) Galactose, D (+) Ga-
lactosamine, D (+) Lactose, L (-) Fucose, L (+) Arabi-
nose, D-Glucose and D-Glucosamine (Sigma, St. Louis,
MO) at different concentrations. Inhibition of the lectin
activity by different mono and oligosaccharides was
carried out in microplates adding lectin and dilutions
of each sugar. After incubation at room temperature for
30 min, 1% BSA and 3% suspension of trypsin treated
glutaraldehyde-fixed rabbit erythrocytes were added.
Plates were incubated for 1 h at room temperature. The
concentration at which the saccharides exerted an in-
hibitory influence was estimated. The 100% lectin in-
hibition was defined as the lowest saccharide concen-
tration that caused total inhibition of the
hemagglutination activity under our working conditions.

A serial two-fold dilution series of the lactose-bind-
ing protein was made on a U-shaped multititer plate and
subjected to an hemagglutination assay with 2 mM
EDTA and 10 mM Ca** for 1 h at room temperature.

In order to determine the effect of temperature, 100
pl samples were placed in Eppendorff and kept in a water
bath for 30 min at temperatures ranging from 4°C to
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100°C. After incubation the samples were centrifuged
at 11,000 x rpm for 2 min and subsequently tested for
hemagglutination activity as described above.

For the pH stability test, aliquots were dialyzed for
24 h both against Veronal: HCI buffer pH 3 - 9 and
Glicine: Na(OH) buffer pH 10 - 12. After this period,
dialysis in METBS buffer for 24 h was used to adjust
the pH of the samples to its original value. Then, the
samples were tested for hemagglutination activity.

Polyacrilamide gel electrophoresis

Affinity chromatography fractions were collected
and analyzed by gel electrophoresis on 10%
polyacrilamide gel in reducing and non-reducing con-
ditions as described by Laemmli (1970). The gels were
stained with silver reagent. Molecular weights were
determined from standard curves with proteins of known
molecular weights (Bio-Rad).

Preparative recovery of two bands of lactose-bind-
ing proteins from polyacrilamide geles were carried out
using a electroeluter (Bio-Rad model 422).

Each protein band was cut from multiple gel slices
and eluted with METBS buffer for 5 h at 4°C. The
eluted samples were collected and used for antimicro-
bial analysis.
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Antimicrobial activity determination

Antibacterial activity of each protein band was as-
sayed against Gram negative and Gram positive bacte-
ria. A strain of Escherichia coli K12 4100 and a strain
of wild Escherichia coli and Proteus morganii isolated
from the skin of Bufo arenarum immediately captured
of natural environment were tested. A strain of Entero-
coccus faecalis was assayed. Bacterial strains were
maintained on different nutrient media (15 ml). All
media were steam sterilized at 120°C for 20 min. To
assay the inhibition of bacterial growth, the tested bac-
teria were homogeneously seeded with a sterile hissope
on to Petri dishes containing 15 ml of the medium. Holes
(7 mm in diameter) were aseptically bored into the agar
with a hollow punch and were filled up with 25 ul of
each lactose-binding protein at different concentrations
(2 pg/ml; 1 pg/pl and 0.1 pg/ul). The plates were ex-
amined after incubation at 37°C for 24 h. Bacterial
growth inhibition was defined as the diameter of the
inhibition zones around the holes. The inhibition diam-
eter was an average of four measurements per hole.

Experimental results between the different concen-
trations were analyzed using analysis of variance
(ANOVA). Probability values < 0.05 were considered
significant. Analyses were run in SPSS and Sigma Stat.
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FIGURE 1. Purification of the lactose-binding proteins by Sephadex G-100 gel filtration.
Crude extract (4.265 mg) was applied to Sephadex G-100 gel filtration column. The column was equilibrated
and washed with METBS buffer at 4°C. Fractions of 1.5 ml were collected and monitored by absorbance at 280 nm.
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Two-way analysis of variance was used to compare the
sensibility of the different bacteria assayed.

To investigate whether the antibacterial action was
bacteriostatic or bactericidal, growth inhibition was
evaluated by plating bacteria from inhibition halo in the
absence of lectin.

Results

Two saccharides, lactose (150 mM) and galactose
(150 mM), were tested for their ability to extract lectin
from Bufo arenarum skin. Both were found to be effec-
tive, with galactose showing a slightly lower ability than
lactose.

When the crude extract was applied to a Sephadex
G-100 column (2.0 x 25.0 cm), agglutination activity
was detected from the 13" to the 24" fraction (Fig. 1).
These fractions were pooled and concentrated to 1 ml,
resulting in a 17-fold increase in specific activity (Table
1). Agglutination activity was optimum at pH 7.0-8.0.
All further experiments were carried out at pH 7.2.

In order to purify lectin to homogeneity, the active
fractions of Sephadex G-100 were loaded on a Lactosyl-
agarose affinity chromatography and separated in two
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fractions: an unbound fraction that did not exhibit he-
magglutination activity and a bound active fraction
which was eluted with 300 mM lactose (Fig. 2). Total
hemagglutination activities and specific activities for
rabbit erythrocytes are presented in Table 1. The spe-
cific activity of the purified material was about 400
times higher than that of the crude extract.

The crude extract and the lactose-binding proteins
strongly agglutinated trypsin-treated glutaraldehyde-
fixed rabbit erythrocytes but failed to agglutinate hu-
man types O, A and B erythrocytes or trypsin-untreated
rabbit erythrocytes.

The minimum concentration required for agglutina-
tion of the trypsin-treated rabbit erythrocytes was 0.65
pg/ml. The hemagglutination activity in METBS, pH 7.2,
gradually decreased by repeated freezing and thawing, 5
cycles of freezing and thawing leading to a 95% loss of
the initial hemagglutination activity. However, the lectin
could be stored at 4°C in the presence of excess lactose
(0.5M) for at least three months with no loss of its hemag-
glutination activity. The toad skin lactose-binding pro-
teins retained full agglutination activity when maintained
at temperatures of approximately 30°C. Activity decreased
gradually between 42 and 60°C and disappeared com-
pletely when the protein was heated at 75°C for 30 min.
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FIGURE 2. Purification of the lactose-binding proteins by Lactosyl-agarose affinity chromatography.

The eluate fractions to Sephadex G-100 gel filtration column, which showed hemagglutination
activity, were applied to Agarose-lactose column (0.208 mg). The column was washed with METBS
buffer at 4°C and eluted with the same buffer containing 0.3 M lactose (arrow).
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TABLE 1.

Purification of a lactose-binding proteins from Bufo arenarum skin

Samples Protein Hemagglutination Specific activity®  Fold Purification
(mg) titer?

Crude extract 4.265 2.84 -

Elution fraction 0.208 49.49 17.43

from Sephadex G-100

Bound-fraction 0.017 1209.93 426.03

from Lactosyl-agarose

aTiter: the reciprocal of the highest dilution giving visible agglutination.

bSpecific activity: the ratio of titer to protein concentration.

TABLE 2.

Effect of different saccharides on hemagglutination
activity of the lactose-binding proteins

Saccharides

Concentration for 100% inhibition (mM)

D (+) Lactose

D (+) Galactosamine
D (+) Galactose

L (-) Fucose

L (+) Arabinose

D Glucose

D Glucosamine

1-5
25-5
100
Na?
NA
NA
NA

aNA: no agglutination inhibition.

Hemagglutination activity assayed with trypsin-treated glutaraldehyde-fixed rabbit eryth-

rocytes at room temperature.

Removal of calcium from the assay by the addition
of 2 mM EDTA had no effect on agglutination activity.

The carbohydrate-binding specificity of skin lec-
tin was determined by analyzing the inhibition of the
agglutination activity in the presence of several saccha-
rides under optimal conditions.

The inhibition of the agglutination activity of the
lactose-binding proteins are shown in Table 2. The most
potent inhibitors were sugars bearing a 3-D Galacto-
side configuration such as Lactose, D (+) Galactosamine
and D (+) Galactose, in this order. The following sugars
did not inhibit lectin activity when used at concentra-
tions of up to 100 mM: D-Fucose, D-Arabinose, D-Glu-
cose and D-Glucosamine. Similar results were obtained
with LBP1 and LBP2 (data not shown).

The PAGE of Lactosyl-agarose affinity-isolated
lectin revealed two bands under both reducing (Fig. 3)
and non-reducing conditions (data not show), with a
molecular weight 50 and 56 kDa respectively. The
lectins were named LBP1 (50 KDa) and LBP2 (56 KDa)

Animicrobial activity

To elucidate the antimicrobial activity of the lac-
tose-binding proteins, we used a classical inhibition zone
assay on thin agar. Results showed that both fractions
obtained by electroelution, according to materials and
methods, suppressed bacterial growth on solid medium
showing activity against the Gram negative and Gram
positive bacteria studied. As seen in Table 3, 25 ug of
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FIGURE 3. A- PAGE of the lactose-binding proteins
eluted from the Agarose-lactose column under
reducing conditions.

B- PAGE of the unbound fractions from the Agarose-
lactose column under reducing conditions.

At left Molecular mass markers: Phosphorylase b
(97,400), Bovine Serum Albumin (66,200), Ovalbumin
(45,000), Carbonic Anhydrase (31,000), Soybean
Trypsin Inhibitor (21,500).

FIGURE 4. Growth inhibition of Proteus morganii
with different lectin concentrations (LBP1): 1:25ug;
2: 2.5 ug; 3: 0.25 ug; 4: control METBS buffer.
The medium used was Chocolate agar.
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the fraction of 50 KDa (LBP1) showed different inhibi-
tion halos against the bacteria tested (Escherichia coli
K12 strain 4100, Enterococcus faecalis and a strain of
wild Escherichia coli and Proteus morganii isolated
from toad skin). The other fraction of 56 KDa (LBP2)
exhibited similar antibacterial activity. Proteus morganii
being the most sensitive bacteria tested for LBP1 and
LBP2 (Fig. 4). An ANOVA indicated a P value < 0.05
between experiments. The R.V.T. (Test of Scheffe) for
every bacteria assay was around 55%, suggesting sig-
nificant difference between each group (Fig. 5).

In our experimental conditions all bacteria tested
grew again after removal from within the halo of inhi-
bition, suggesting that both fractions were bacteriostatic.

Discussion

Several lectins have been purified from amphib-
ians belonging to various species. They differ in their
localization, solubility, molecular mass, number of units,
cationic requirement and saccharide specificity. The
amphibian skin synthetizes and releases an extraordi-
narily rich variety of biologically active substances (an-
giotensins, complex alkaloids, hormones and antibiotic
peptides). In the present paper we detected B-galacto-
side-binding lectins from Bufo arenarum skin. Results
suggest that the lectins purified from whole skin crude
extract would be related to the group of S type lectins
because it is soluble without detergents, is independent
of the presence of calcium and interacts with lactose
possibly because of its binding to the galactose residue,
even though galactose by itself is a much poorer ligand
than lactose.

The analysis of the optimal binding activity and
stability of the skin lectin under a variety of experimen-
tal conditions revealed that these proteins can remain
fully active for a long period of time if the intact pro-
teins are stored in the presence of a soluble ligand, in
this case lactose. This result agrees with the findings of
Levi and Teichberg (1981) who, working with an elec-
tric eel lectin, reported that lactose protects the lectin
against inactivation. Moreover, Lobsanov et al. (1993)
suggested that both lactose and N- acetyl lactosamine
used as a ligand maintain the lectin in its active confor-
mation.

The pH range for the optimal binding activity of
the skin lectins was rather narrow 7.0-8.0, the same as
under natural physiological conditions. These results are
similar to those obtained for the ovary galectin of the
species by Ahmed et al. (1996). Like other lectins, the
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TABLE 3.

Antibacterial activity of lactose-binding proteins

LBP1 LBP2

Bacteria Diameter growth Incubation Diameter growth Incubation

Inhibition (mm) Medium Inhibition (mm) Medium
Escherichia coli
K12 strain 4100 11.0+0.8 L.B. 12.0+0.5 L.B.
Escherichia coli 16.0+0.8 Chocolate agar 17.540.8 Chocolate agar
Proteus morganii 20.0+0.7 Chocolate agar 19.0£0.8 Chocolate agar
Enterococcus 12.0+£0.7 M.H. 12.5+0.7 M.H.
Faecalis

Data are reported as the mean + SD from twelve different experiments

All experiments were realized using 25 g of each lectin

skin lectins were irreversibly inactivated by exposure to
high temperatures for a relatively short period of time.

The electrophoretic behavior of the B-galactoside-
binding proteins, both in native and in reducing condi-
tions revealed the presence of two different proteins,
LBP1 and LBP2, with molecular weights of 50 and 56
kDa respectively. Although these lectins seems to be
different from the lactose-binding lectin of 16 kDa ex-
pressed in extreme abundance in Xenopus laevis skin
(Marschal et al., 1992) where galectins are mainly con-
fined. In a single species, different tissues may or may
not express the some galectin. It was demonstrated in
Bufo arenarum that a galectin of 14 KDa from embryos
show inmunological cross reactivity with a galectin
present in the ovary (Elola and Fink, 1996; Elola et al.,
1998). Our results in the skin revealed differences with
the 14 KDa galectin reported, they might be associated
with substantially distinct biological functions, such
developmental processes or host defense It would be
another member of the S-Lac lectin family.

The presence of the lectins in the skin of Bufo
arenarum led us to consider its possible biological in-
volvement in the defense mechanisms of the species.
The antimicrobial assays have shown that LBP1 and
LBP2 presents strong activity against Gram negative
bacilli such as Escherichia coli K12 strain 4100 and
against species isolated from the skin of animals recently
captured such as a wild strain of Escherichia coli and

of Proteus morganii. Moreover, both fractions showed
activity against Enterococcus faecalis. While antibiotic
peptides present in the skin of other amphibian species
have been known for years to have a strong antimicro-
bial activity (Zasloff, 1987), the Bufo arenarum lectins
are the first lectins from frog reported to exhibit micro-
bial growth inhibition. This activity was previously pos-
tulated for invertebrates (Jomori and Natori, 1992; Melo
et al., 1998; Inamori et al., 1999), which expressed
soluble and bound membrane lectin forms, that seemed
to be one of the groups of molecules of recognition and
defense. An instance of the above is provided by sev-
eral types of hemocyte-derived lectins which may play
a functional role in the innate immunity. The same idea
was suggested for mammalian lectins, such as mannose-
binding lectins of the collectin family, which play an
important role in host-pathogen interactions by specific
recognition with cell surface substances of bacteria (Sato
and Hughes, 1994; Rabinovich et al., 1998). It is now
well established that many of the bioactive substances
present in the skin of amphibians have identical or
closely related counterparts in mammals. Consequently,
the results obtained from the former would be useful
for comparative pharmacological and biochemical stud-
ies. The structural correspondence between amphibian
and mammalian neuropeptides or antibiotic peptides
have caused frog skin to be considered as a model for
the study of new mammalian proteins, such as lectins.
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In brief, the antibacterial activity of the 3-galacto-
side binding lectins from Bufo arenarum skin is an event
not yet reported in amphibians. We postulate that the
innate inmmunity system of Bufo arenarum may recog-
nize invading pathogens through a combined method
using lectins with agglutinating and antimicrobial ac-
tivities, and antibiotic peptides, not studied yet in this
frog species, which would be released in response to
injury. This fact might act synergistically to provide an
effective host defense against invading microbes. Ex-
periments are under way to determine the precise spec-
trum of antibiotic activity of the lactose-binding pro-
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teins, with especial emphasis on their action against
fungi and Gram negative or Gram positive bacteria.
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